Abstract-The theory of super network is an effective method to various traffic networks with means of multiple decision-making. It provides us with a favorable pricing decision tool for it combines a practical transport network with the space pricing decision. Spatial price equilibrium problem has always been the important research direction of the Transport Economics and regional transportation planning. As to how to combine the two, this paper presents the user equilibrium exchange allocation algorithm based on super network, which successfully keep the classical spatial price equilibrium problems (SPE) into a super-network analysis framework. Through super-network analysis, we can add two virtual nodes in the network, which correspond to the virtual supply node and the super-super-demand virtual node, analysis the user equivalence with the SPE equilibrium and find the concrete steps of users exchange allocation algorithm based on super-network equilibrium. Finally, we carried out experiments to verify. The experiments show that: through the user equilibrium exchange SPE allocation algorithm based on super-network, we can get the steady-state equilibrium solution, which demonstrate that the algorithm is reasonable.
INTRODUCTION
Traffic assignment is an important component of the demand traffic model, which describes how travelers choose the travel path on the transport network. Let's assume that in the case of complete information, travelers will choose the path of least cost [1] . Wardrop put out the user equilibrium (UE) as early as 1952, and then Beckmann and other subsequent constructed a mathematical model of the user equilibrium traffic assignment, but this theory is not formed until 1975 Leblance applied Frank-Wolfe (FW) algorithm to the traffic assignment problem [2] [3] [4] .
The study of Spatial Price Equilibrium-SPE problems can be traced back to Samuelson, Takayama and Judge's early work. The relative theories of Spatial price Equilibrium can provide government departments to develop rational industrial development planning and regional transport networks and infrastructure planning with the corresponding theoretical support and the various regional economic development and transport development policy with prospective impact analysis [4] [5] [6] [7] . They established the research of agricultural and energy markets SPE foundation and applied it to the financial markets. Subsequently a number of related research issues related to the basic network structure of SPE conducted in-depth mining and made some effective algorithm strategies. Daniele analyzed the existence and stability of the SPE for time-dependent problems [8] . In China, Zhang Ning et al conducted a study of other products for SPE involved random selection of questions and multi-currency multi-mode SPE and established the correlation model and the corresponding heuristic algorithms [9] . Sun Huijun and Gao Ziyou conducted studies on logistics center location on the basis of SPE, built a bi-level programming model, and put out the corresponding algorithms [10] . Zhou Yanshan and Yao Minfeng have studied the supply chain network model on the second floor on the basis of the SPE theory, built a two-tier supply chain network model with variation inequality constraints in the form, and given the economic explanation [11] . Zhang Liping et al proposed spatial price equilibrium based ordering policy interaction programming models and put out its feasible algorithms [12] .
Super-network theory is to solve various traffic networks with multi-effective means of decision-making. Now, it is being used in supply chain, finance, transportation, systems and other fields. Nagurney applied the multilayer and multi-criteria super network in the supply chain network. Nagurney et al built a multi-level and multi-function financial equilibrium model by the application of the network. Nagurney and Dong established a multi-stage and multi-standard elastic demand transportation network equilibrium model. Super network provides us with a powerful tool by combing the actual network transport with the space pricing decisions. Different from the previous studies, this paper from a new angle, namely the use of super-network transformation, transfers the classical spatial price equilibrium problem into an equivalent super network-based user equilibrium traffic assignment problem. This super network transformation process allows us to solve the problem of SPE through the existing traffic assignment algorithms and associated software. Therefore, the study of SPE can be conducted in a large-scale study on the actual network, and then overcome the study of the actual transport network processing simplistic defects in the past and making SPE related research could further deepen and combined with practical application. This paper mainly made expand and innovative work in the following areas: (a) As to how to combine the super-network with spatial price equilibrium theory, the paper proposed super network users based on equilibrium exchange allocation algorithm, which successfully make the classical spatial price equilibrium problems (SPE) into a super network analysis framework. Through super-network analysis, we can add two virtual nodes in the network, which correspond to the virtual supply node and the super-super-demand virtual node, analysis the user equivalence with the SPE equilibrium and find the concrete steps of users exchange allocation algorithm based on super-network equilibrium.
(b) In order to further validate correctness and effectiveness of the users exchange equilibrium allocation algorithm based on super network, we carried out experiments to analysis a single OD, which includes the super virtual supply nodes and virtual demand nodes in this paper proposed algorithm with expanded network. The algorithms have only been carried 68 times and it has converged after AON allocation. And it is very close to the steady-state equilibrium of SPE. The experiments show that: through the user equilibrium exchange SPE allocation algorithm based on super-network, we can get the steady-state equilibrium solution, which demonstrate that the algorithm is reasonable.
II. BASIC PARAMETERS AND SPE MODEL
In order to facilitate analysis of the problem, first of all basic parameters will be described. N and M respectively represent the origin and demand of goods destination collection in the network and the representing elements are i  N and j  M. is the correlation coefficient between the road and the path. When road belongs to the path section, the value is 1, otherwise the value is 0. According to the above parameters, we can directly obtain SPE basic model as follows, where the constraints include:
Formula (1) and (2) indicate the constraints of the total amount of goods and sales; formula (3) represents road network flow conservation constraints; formula (4) is the supply price of the origin, sales price and the path needs to be fulfilled vector impedance function; formula (4) represents the production of goods, demand, the non-negative constraints of cargo amount; formula (5) is a road traffic and the flow path correlation function.
The objective function of SPE basic classes of mathematical programming models is:
The corresponding complementary condition of SPE equilibrium can be expressed as
It can prove that under this constraints, the formula (6) and (7) of the representation is equivalent to the SPE. SPE refers to the network in a steady state. If there is a cargo between origin and destination traffic demand, the cost of production and the place of origin of goods between the two places is equal to demand destination freight and cargo sales price; if there is no traffic between two places, the cost of production and the place of origin of goods between the two places is less the demand for freight and destination of goods sales price.
The basic idea of SPE algorithm is: (a) a starting point to travel all finished to use the road network is a non-ring network and Bar-Gera called Re-stricting Sub-Network and Dial called the Bush. Using the topological sort of acyclic network nodes, we can efficiently calculate the shortest and longest path. (b) The cost of flow transfer from a large path to the small, and with a guarantee that on basis of the Bush acyclic, we can update Bush to find a smaller cost Bush path. The difference between Dial and Bar-Gera algorithm is that the former only transfers the longest flow path to the shortest path, while the latter transfers the flow of all paths to the shortest path. Obviously, Dial is a relatively simple way. LUCE algorithm is based on the finished point, and its nature is the same with which based on the starting point. It also ensures that there is an acyclic Bush. In addition, the transfer amount of the flow path is obtained after the cost of linearized calculated and it added step to find the optimal flow transfer steps.
III. PROPOSED SCHEME
The following is the desired super-network approach on the basic network expansion. Generalization based network expansion method is very simple, which add two virtual nodes in the network to correspond to the virtual supply node and the super-super-demand virtual node. Figure 1 shows a simple network infrastructure. In Figure  1 nodes 1 and 2 are the production of goods and nodes 3 and 4, the demand for the goods, and the corresponding production and demand has been shown in the drawing next to the node. Compared with the super-network in Figure 1 , Figure 2 adds two virtual nodes and 5 have the virtual road. Virtual sections of the generalized cost function is also shown in Figure 2 , in which " o  " indicates that the section of the generalized cost constant to 0, and z and p denote the corresponding price function and the production of goods demand price function respectively. Originally the decentralized supply and demand of goods, respectively, get into a set of measurement of the super-supply node 5 and super-demand node 6. The increasing super-virtual supply node and all nodes of the original directed by a virtual link and the impedance function is the original price of the goods production function; the increasing demand for super-virtual node and all nodes in the original requirements directed by a virtual link and the impedance function is the negative function of the original demand for cargo demand price function. Meanwhile, the super-virtual supply node and the super-virtual demand node also are connected through a virtual link of generalized cost between zero sections. All the direction of the increased roads is the same with the corresponding section in Figure 1 . 
Other constraints of definition include:
The created complementary conditions above, k represents a super path connecting the super OD pairs; b means a super section in the super network. The superscript mark "*" of Variables indicates a equilibrium-related quantity. *  is the minimum generalized cost value of all paths between the super OD under equilibrium state. Q is the traffic of unknown OD pairs determined by algorithm. Since there exists a path whose generalized cost value is zero between the super OD in the super network, we can see the formula 0 oD  is right.
A. Analysis of Equivalence of User Equilibrium and the SPE
Now, we analyze the relationship between conditions of user equilibrium in the extended super network and the SPE. At the beginning, we set up a value of Q. When we solve the problem of user equilibrium in the super network, the obtained value of Q is less than 0; if we can continue to increase the value of Q, then it is the increasing function of the traffic because generalized cost of sections in the super network is not identically equal to 0, which finally makes the minimum generalized cost value of path "Q" is equal to zero under the state of equilibrium.
Obviously, in the super network, the traffic through the virtual sections is the same with the traffic through their corresponding and connected original supply node (or corresponding and connected original demand node). If ; at the moment, if we regard the total traffic through the nodes in the super network as supply and demand of nodes in the SPE, it is easy to see that all the conditions of SPE equilibrium are workable in infrastructure network part of the super network.
In solving the UE status of super network, the total volume of production (that is the aggregate demand) is given; however, when solving the corresponding SPE, the value of () Super-network users equilibrium is realized, the minimum generalized cost of the valid path between two super supply and demand nodes may be less than 0; while the corresponding equilibrium of SPE problem is realized, the minimum generalized cost of the path between two super supply and demand nodes in the corresponding super network is absolutely equal to 0. Observation above tells us that we should develop and use existing UE SPE model solution algorithm to solve the SPE problem.
B. Solution Algorithm
Based on the analysis of the previous section, we get an specific ideas for solving SPE equilibrium. First we should set the amount of the total production of goods (that is total demand), and define the amount as the only OD of super-network; then distribute the UE traffic in the super-network and get traffic solution of sections to judge whether the minimum generalized cost of the path between the total virtual production node and the total virtual demand node is equal to 0. If it is equal to zero, the operation will be terminated and the final result is obtained ; if less than 0, then it will appropriately adjust the assumed amount of the total production of goods (total demand ), and re-conduct user equilibrium network traffic assignment in the super-network network.
Specific steps of solution are as follows: a. Extended basic network to the required super network;
b. Make n = 1; Set the traffic of OD pairs in the Super network to be Qn. increasing ratio of traffic is ( 0)  ; c. Make user equilibrium traffic assignment in the super network to get section traffic and the only the minimum generalized cost value of path between OD in super-network; d. Convergence checks. If it is equal to 0, the calculation is terminated, and the solution of SPE equilibrium is obtained; if it is less than 0, set n = n +1, and update the traffic of the OD pair, and then return to step 2.
The steps of solution above, the user equilibrium traffic assignment can adopt common Frank-Wolfe algorithm. If there is a rough estimated value in advance, we can make 1 
i ij
Ds   SPE equilibrium solution can be generally obtained by only performing once user equilibrium traffic assignment of this algorithm. When we use the existing transport planning software to solve the above problems, there is little to modify, and it is just the advantage of this algorithm, which can base solution of SPE problem on the actual road network. Figure 3 is the basic network which is the required consideration of this algorithm. For clearer, here, we add the virtual nodes 6 and 7, and virtual sections 11 and 12 whose impedance is 0. Among them, it includes four of nodes, six of directed sections and two OD pairs (1, 2) and (1, 3) . Figure 4 is extended from Figure 3 , including eight of nodes, twelve of directed sections, an a OD pair (5, 8) . The mark of the sections in Figure 3 and Figure 4 have been labeled beside the corresponding section. The result of this experiment is obtained by using program compiled with the Matlab language to run on the microcomputer with memory of 256MB, processor of Intel Pentium MProcessor725. Termination indicator of algorithm is set to 0.0001, and the execution time measurement unit of algorithm is the second. As for the different total traffic, following gives five different groups the results in accordance with OD pairs. Table 2 corresponds to the total cargo traffic of 10, and UE algorithm converges by 69 times of AON allocation; at the moment, there is no positive traffic on the section 10 whose generalized cost value is 0, and by further judgment, the minimum generalized cost of the path between the super OD is -1.348, so a steady-state equilibrium solution of SPE is not obtained. The total travel impedance of the network is also close to -13.0776. It can be observed that equilibrium traffic of section 7 in Table 1 is 10.1370, so we set the total traffic of goods to be 11. The corresponding results are given in Table 3 . As there is positive traffic on the section 10 whose generalized cost value is 0 in Table 3 , we get a steady-state equilibrium solution of the SPE. Table 4 corresponds to the total cargo traffic of 6, and UE algorithm converges by 75 times of AON allocation, but this do not receive SPE equilibrium solution. Table 5 corresponds to the total cargo traffic of 10.13, which is closer to the equilibrium state traffic of 10.1370 of the section 7 in Table 1 . UE algorithm converges by 68 times of AON allocation to get the minimum generalized cost of the path between the super OD which is -0.0232, and the network's total travel impedance is 0.1953. As we can see from the above, the application of super-network solution can help to get the steady-state equilibrium solution of SPE, which fully proves that the algorithm is reasonable, as shown in Table 1 and Table 3 . In Tables 2, 3 and 4, the steady-state equilibrium solution of SPE has not been obtained, but the number of the iteration of algorithm is obviously reduced. In particular, UE algorithm in table 5 have converged through only 68 times of AON allocation and it is very close to the steady-state equilibrium solution of SPE.
IV. EXPERIMENTAL RESULTS
We can find that, from the comparison of many assumption calculation of the total traffic, results indicate that when the assumed value of the total traffic of the OD pairs is close to the steady-state solution of SPE , execution time of the algorithm will be relatively reduced; when the assumed value of the total traffic of the OD pairs is more than and far away from the steady-state solution of SPE, execution time of the algorithm will be obviously increased; when the assumed value of the total traffic of the OD pairs is less than and far away from the steady-state solution of SPE, the execution time of the algorithm will be relatively increased.
In addition to the results that have been given, the following two cases can be used as a further comparison. When the total traffic of the OD pairs is assumed to be 10.126, the number of iterations of AON allocation is 68, the network's total travel impedance is -0.2199, and the execution time of algorithm is 17.0780; When the total traffic of the OD pairs is assumed to be 10.132, the number of iterations of AON allocation is 68, the network's total travel impedance is 0.4030, and the execution time of algorithm is 17.1100. The main reason of this phenomenon is the established form of the generalized cost function. As the generalized cost function has higher sensitivity to the traffic , the number of AON load of the algorithm is obviously increased under the condition of high assumed value of the total traffic of OD pairs ; Compared with on conditions of close assumed value of the total traffic of OD pairs, the program needs more running time on conditions of low assumed value of the total traffic of OD pairs , which stems from the structure of symmetry and AON's characteristics of selecting the shortest path when it loads every time.
The above analysis helps to reasonably select the value of the variable and make rules of choosing the value of variables, and explains why we order when there is a rough estimate of value () j j i j ds   .
V. CONCLUSION
This article first briefly introduces the classic issues of SPE, and then puts classic SPE issues into analysis framework of the super network by the way of adding virtual nodes and virtual sections. The paper introduces the solution algorithm of SPE model based on super network through the analysis of correlation of new UE model in the super-network with the original SPE model. Finally, this paper verifies the solution algorithm proposed in the part of example analysis. Algorithm in this paper gives a new idea of studying the SPE issues, which makes it possible that the research about SPE can be conducted on the more realistic basis. This paper focuses on the basic transport network of the single commodity and the single way. In the future, we hope to use thinking of super-network solution to analyze general transportation network of multi-commodity and multi-way; while taking into account the random characteristics of the actual network equilibrium due to the incompleteness of the information obtained by user, we hope to introduce random factor into the SPE model based on super network in the next step; Finally, to combine the super-network model established in this paper with the strategies of controlling traffic pollution and production of pollution is our future research direction.
